Abstract. Monocytic leukemia-associated antigen-34 (MLAA-34) is a novel monocytic leukemia-associated antigen and a candidate oncogene. The aim of the present study was to investigate the involvement of the MLAA-34 gene in acute myeloid leukemia (AML). MLAA-34 expression level, chromosome location, gene copy number and single nucleotide polymorphisms (SNPs) of 40 patients with AML and 5 healthy volunteers were analyzed by reverse transcription-polymerase chain reaction, fluorescence in situ hybridization and DNA sequencing. The effects of MLAA-34 mutation on overall survival (OS) and progression-free survival (PFS) of patients with AML were also analyzed. MLAA-34 was significantly upregulated in patients with AML when compared with volunteer controls, and this upregulation was associated with a C59T SNP site located in the second exon of MLAA-34. MLAA-34 was mapped to 13q14.2 and no translocation was observed in patients with AML. In addition, this SNP site is affinitive to the well-known molecular markers of AML, including Fms-like tyrosine kinase 3 and DNA methyltransferase 3A, as well as extramedullary lesions, periphery leukocyte numbers, remission and cytogenetic abnormalities of patients with AML. Patients with AML with MLAA-34 C59T mutations had significantly shorter OS and PFS times compared with that of patients without C59T mutations. The present findings indicated that the MLAA-34 C59T mutation was a high-risk factor for recurrence of AML, and may be a candidate target for AML therapy.
Introduction
Acute myeloid leukemia (AML) is the most common form of acute leukemia in adults (1) . AML is a genetically heterogeneous disease which results from the over-proliferation of hematopoietic stem cells and their failure to differentiate, resulting in an uncontrolled accumulation of myeloblasts accumulated in the bone marrow as well as the blood (2, 3) . Allogeneic hematopoietic stem cell transplantation has been demonstrated to be the most effective therapeutic method for acute leukemia and has been integrated into the standard of care (4) . However, its application has so far been limited, offering only incomplete prevention of AML clinical relapse (5, 6) . Simultaneously, the chemotherapy standard of care has only changed slightly over the previous decades. AML is a clinically devastating disease with a 5 year survival rate of only 25% in adults (7) . It remains associated with high rates of recurrence when treated with conventional regimens (3) . Thus, novel and more effective therapies that may reduce the risk of relapse following chemotherapy or stem cell transplantation are required (5, 8) .
Previous studies have indicated that AML-associated antigens may be used as more specific and effective targets for immunotherapy (8) , and may represent a promising novel treatment option to improve the outcomes of patients with AML (8, 9) . Thus far, dozens of tumor (leukemia)-associated antigens, including hyaluronan-mediated motility receptor/cluster of differentiation 168, M-phase phosphoprotein 11, proteinase 3, Wilms' tumor 1, tumor-associated antigen preferentially expressed antigen in melanoma, oncofectal antigen-immature laminin receptor protein, B-cell lymphoma-2, chronic myeloid leukemia (CML) 28 and CML66, survivin, breakpoint cluster region-abelson murine leukemia, fusion transcript which results from t (6;9;p23;q34; DEK-CAN), protein which represents promyelocytic leukemia-retinoic acid receptor (PML-RAR), runt-related transcription factor 1-myeloid translocation gene 8 (8) and fms related tyrosine kinase 3 (10) have been characterized in patients with AML, however, novel and more specific antigens remain rare.
The monocytic leukemia-associated antigen-34 (MLAA-34) gene (GeneBank no. AY288977.2) is one of the novel identified leukemia-associated antigens and a candidate oncogene (5, 9) . As a novel splice variant of calcium binding protein 39-like (CAB39L), MLAA-34 exclusively reacts with sera from patients with allogeneic leukemia but not with normal donor sera (5, 8, 11, 12) . In addition, MLAA-34 has been indicated to be a potent anti-apoptotic factor associated with carcinogenesis or progression of AML (5) . Downregulation of MLAA-34 expression significantly suppresses the proliferation and increases the spontaneous apoptosis of U937 cells in vitro (5, 12) . Additional studies uncovered that MLAA-34 may be involved in cell apoptosis through interaction with the Ras, Wnt, calcium and chemokine signaling pathways in U937 cells (5, 9, 12) . It has been indicated that 13 of the annotated proteins (PGK1, GAPDH, CRMP1, TBK-1, SEPT7, CLTC, PPP2CA, SOD2, PARK7, HSPA9, TXN, ESR1 and YWHAE) may interact with MLAA-34 and be directly involved in carcinogenesis (12) . Previous studies have indicated that MLAA-34 may be a potential candidate for the early diagnosis and therapeutic application of AML (5, 9) . However, the association between its expression level and single nucleotide polymorphisms (SNPs) in the diagnosis and prognosis of AML remains unclear. Thus, in the present study, MLAA-34 expression was investigated by reverse transcription-quantitative polymerase chain reaction (RT-qPCR), gene mutation by SNP, and associations with the diagnosis variables. In addition, MLAA-34 gene expression in patients with AML and healthy donors was examined by fluorescence in situ hybridization (FISH).
Materials and methods
Patients and sample selection. In the present study, 40 patients with AML in different clinical stages were enrolled from the Department of Hematology of the Second Affiliated Hospital of Xi'an Jiaotong University (Xi'an, China) between October 2011 and October 2014, and 5 healthy donors were assayed. The subtypes of all the patients with AML were determined according to the French-American-British (FAB) classification (5) and the relevant clinical data records are listed in Table I . Conventional and molecular cytogenetic analysis, as well as other relevant clinical information, was also investigated in the protocol. Samples of peripheral blood and bone marrow (3 ml from each donor) were collected into a syringe with heparin (0.3 ml) for use in MLAA-34 mRNA expression level and MLAA-34 gene mutation or FISH assays, respectively. The present study was approved by the Ethics Committee of the School of Medicine, Xi'an Jiaotong University, and was conducted in accordance with the Declaration of Helsinki. Informed consent was obtained from all study donors.
Protocols and therapies.
Patients with AML were treated according to the protocols and therapies which were described in a previously published study (9) .
RNA extraction, cDNA synthesis and RT-qPCR. Total RNA was extracted from mononuclear cells by TRIzol (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the standard protocol. The extracted RNA of 1 µl (about 2 µg) added to each lane was verified for integrity by 1.5% agarose gel electrophoresis and estimated for purity at 260 and 280 nm wavelengths, as determined by an ultraviolet spectrophotometer (ZF1 Shanghai Jia Peng Technology Co., Ltd., Shanghai, China), samples were used for cDNA synthesis with the first strand cDNA synthesis kit (Takara Biotechnology Co., Ltd., Dalian, China) according to the manufacturer's protocol.
TaqMan-based PCR technology was performed on an ABI 5700 FAST instrument (Applied Biosystems; Thermo Fisher Scientific, Inc.) in a total volume of 50 µl. MLAA-34 primers as well as the TaqMan probe sequence were as follows: (forward, 3'-AAG CCG GAG AAC CTG AAA CTC-5' and reverse, 3'-TGA GGA CTG GCC ACA AAC AC-5') and probe [FAM-TGA-GAA CCT CCT TCG G GA TA A A AG -t et r a met hyl rho d a m i ne ( TA M R A)] (DaAn Gene Co., Ltd., Guangzhou, China). Expression of β-actin was used as a reference gene control. Primers and probes for β-actin were as follows: Forward, 3'-TCC TTC CTG GGT ATG GAA TC-5' and reverse, 3'-GCA CTG TGT TGG CAT AGA GG-5'; probe, FAM-CGG ATG TCAA CGT CAC ACA CTT CAT GA-TAM RA (DaAn Gene Co., Ltd.). The reaction procedure was performed as follows: The reaction was performed in triplicate with a total volume of 50 µl supplemented with 10 µl 5x TaqMan Universal PCR buffer, 1.0 µl (300 nM) forward/reverse primer, 1 µl (200 nM) probe, 1 µl dNTP, 1 µl Taq DNAase, 5 µl cDNA and 30 µl nuclease-free water (Shanghai GeneCore BioTechnologies Co., Ltd., Shanghai, China). PCR protocol was performed as follows: 93˚C for 2 min, 93˚C for 30 sec, 55˚C for 1 min for 40 cycles. The cycle threshold (CT) was determined automatically. The samples without DNA were routinely included as a no template control (H 2 O). Relative quantification of the MLAA-34 gene was conducted with three independent experiments by the 2 -ΔΔCq method as described in a previous study (9) .
DNA sequence analysis gene mutation for exons. Genomic DNA was extracted from peripheral blood using the QIAamp DNA blood kit (Qiagen GmbH, Hilden, Germany) according to the manufacturer's protocol, and then stored at -20˚C until use. Primers for 12 exons of the MLAA-34 gene were designed with Primer Express Software Version 2.0 (Application Binary Interface of China Branch Office, Shanghai, China) and are listed in Table II . Simultaneously, primers used for genes which are closely associated with AML, including FMS-like tyrosine kinase 3 (Flt3), DNA methyl-transferase 3A (DNMT3A), c-ki, CCAAT-enhancer-binding protein α (CEBPα) and nucleophosmin-1 (NMP1), were synthesized and are listed as follows: FLT3 forward 5'-GCA ATT TAG GTA TGA AAG CCA GC-3 and reverse 5-CTT TCA GCA TTT TGA CGG CAA CC-3'; DNMT3a forward 5'-CTG CTG TGT GGT TAG ACG-3' and reverse 5'-TAT TTC CG CCT CTG TGG TTT-3'; NMP1 forward NMP1F 5'-TCG GGA GAT GAA GTT GGA AG-3' and reverse 5'-AAC ATT TAT CAA ACA CGG TAG-3'; C-KIT (exon 17) forward 5'-CAG CCA GAA ATA TCC TCC TTA CT-3' and reverse 5'-TGT CAA GCA GAG AAT GGG TAC TC-3'; CEB PA: PP1F 5'-TCG CCA TGC CGG GAG AAC TCT AAC-3' (nucleotides 120-143) and PP1R 5'-CTG GTA AGG GAA GAG GCC GGC CAG-3' (nucleotides 692-669), PP2F 5'-CCG CTG GTG ATC AAG CAG GA-3' (nucleotides 615-634) and PP2R 5'-CAC GGT CTG GGC AAG CCT CGA GAT-3' (nucleotides 1317-1294). All samples were genotyped using PCR and direct sequencing. PCR amplification was performed using the Takara Ex Taq kit (Takara Biotechnology Co., Ltd.) according to the manufacturer's protocol. The PCR thermocycling conditions were: 95˚C for 3 min; 32 cycles of 95˚C for 30 sec; 58˚C for 30 sec; 72˚C for 1 min; and a final extension at 72˚C for 10 min. Subsequent to purifying the PCR products with an AxyPrep DNA purification kit (Qiagen GmbH), direct sequencing was performed on the ABI 5700 DNA Analyzer using a Big Dye Terminator kit v3.1 (Applied Biosystems; Thermo Fisher Scientific, Inc.) with the corresponding forward primer as the sequencing primer. The analytical approach, which applied the sequencing of data by Vector NTI 8.0 analysis software (Invitrogen; Thermo Fisher Scientific, Inc.), focused on base pair substitutions (SNPs).
FISH. Metaphase chromosomes were prepared from the cultivated bone marrow cells according to the method described previously (13) . R-banding of chromosomes stained with Giemsa-staining was performed according to the standard procedures and was analyzed according to the International System for Human Cytogenetic Nomenclature 2013 using a light microscope and magnification, x100 (Olympus Corporation, Tokyo, Japan). FISH was performed on metaphase cells of bone marrow samples using a MLAA-34 and Statistical analysis. Statistical analyses were performed using SPSS version 13.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference. The χ 2 test was applied for baseline clinical variables between groups for categorical data and the significance of difference of homologous chromosomes signals. The probabilities of OS and PFS were estimated with the Kaplan-Meier method. The Cox model and regression analysis were used to analyze the effect of exon 2 (E2) mutation in patients with AML.
Results

MLAA-34 is upregulated in patients with AML.
In order to investigate the function of MLAA-34 in AML, the expression level of MLAA-34 was detected in 40 patients with AML and 5 healthy volunteers, and the results demonstrated that MLAA-34 was significantly upregulated in 40 patients with AML when compared with healthy volunteers ( Fig. 1 ; Table I) . When all the patients received standard chemotherapy, it was evident that the patients with increased MLAA-34 levels had poor or no response to the treatment (Table I ). In addition, MLAA-34 mRNA was associated with peripheral white blood cell (WBC) numbers and was prone to overexpression in the high-WBC group (WBC count, ≥50x10 9 /l) compared with the low-WBC group (WBC count, <50x10 9 /l). Of the 40 patients with AML, abnormal karyotypes were observed in 29 patients (Table I) . No significant differences were observed when the subjects were categorized according to age and sex.
MLAA-34 is mapped to 13q14.2 and there is no translocation in patients with AML.
FISH was used to determine whether there was a difference in MLAA-34 localization and gene copy number between patients with AML and healthy controls. The MLAA-34 gene was localized at chromosome 13q14.2 ( Fig. 2A) . No differences were observed for MLAA-34 gene location between healthy volunteers and patients with AML. To confirm this data, the tumor suppressor gene retinoblastoma (RB1), located at chromosome 13q14, was selected as a positive control. The results revealed that RB1 and MLAA-34 were co-localized (data not shown). In addition, the fluorescence intensity of patients with AML was relatively increased compared with that of healthy controls, but no significant differences were observed between patients with AML and healthy controls (Fig. 2B) . This indicated that the MLAA-34 gene copy number of patients with AML was inconsistent with that of normal controls.
MLAA-34 contains a C59T SNP site in patients with AML.
To uncover the mechanism for MLAA-34 overexpression, genomic DNA samples were prepared from 40 patients with AML and 5 healthy controls, and all 12 exons of the MLAA-34 gene were amplified by PCR. PCR products were genotyped and a SNP site was identified in 12 acute mynocytic leukemia (AML-M5) patients (Table I, Fig. 3A) . In these patients with mutations, 9 patients were identified as high risk (HR) and 3 were identified as intermediate risk (IR) . In 28 patients without mutation, 4, 19 and 5 were identified as HR, IR and low risk (LR), respectively (Table I) . This CC/CT allele was located at the 59th bp of E2 of MLAA-34. Although this site belongs to the 5' untranslated region, it is associated with MLAA-34 overexpression in patients with AML M5 (3). MLAA-34 was significantly upregulated in 12 E2-mutant (+) patients with Figure 4 . Kaplan-Meier overall survival, progression-free survival and survival rate curves of non-mutated MLAA-34 and mutated MLAA-34 patients in 40 patients with acute myeloid leukemia. In the survival rate curve, the numbers on the x-axis indicate survival months. MLAA-34, monocytic leukemia-associated antigen-34. AML when compared with 28 E2-mutant (-) patients (P<0.01; Fig. 3B ). In addition, patients with AML containing E2 mutations usually had unfavorable therapeutic effects and were prone to recurrence (Table III) . (17) and nucleophosmin-1 (18) mutations represent the most frequent gene alterations detectable in AML. In order to know whether there are associations between MLAA-34 and these molecular markers, the mutations of these genes were analyzed by direct sequencing. MLAA-34 mutation in AML is associated with Flt3 and DNMT3A mutations (P<0.01; Table III ), but no apparent links between MLAA-34 and other markers were observed. In addition, mutation of MLAA-34 gene in patients with AML was associated with extramedullary disease, periphery leukocyte numbers, remission and cytogenetic abnormalities. Patients without this SNP site in MLAA-34 usually had a lower number of leukocytes (P=0.001), and indicated a relative higher percentage (35.7%) of normal karyotypes, which means an increased success rate for hematopoietic stem cell transplantation treatment. No significant differences of MLAA-34 mutation were observed between males and females.
MLAA-34 C59T mutation is associated with
MLAA-34 C59T mutation indicates short OS, PFS and survival function.
To assess the prognostic potential of the MLAA-34 C59T mutation in 40 patients with AML, additional analyses of OS, PFS and survival function were performed. The OS and PFS times of patients with MLAA-34 C59T mutation were significantly shorter when compared with that of patients without C59T mutations (P<0.001; Fig. 4) . The median OS times with MLAA-34 C59T mutation and without MLAA-34 C59T mutation were 4.4 and 21.6 months, respectively. The median PFS times with or without MLAA-34 C59T mutation were 0.8 or 13.4 months, respectively. In addition, the results revealed that E2 mutation and extramedullary disease indicated a significant association (P= 0.333 and P= 0.007, respectively). For relative risk [RR; Exp(B)], the RR in patients with AML with E2 mutation was 5.034 times that of patients with AML without E2 mutation. In addition, the RR in AML with extramedullary disease was 6.165 times that of patients with AML without extramedullary disease (Table IV) . For analyses of survival function, the survival rate (Cum survival) was lower in patients with E2 mutations compared with patients without mutation (Fig. 4) .
Discussion
MLAA-34 is one of the newly identified monocytic leukemia-associated antigens (11, 19) . This gene is homologous to the known human CAB39L gene and has been confirmed to be a novel splice variant of CAB39L (5, 9) . The authors of the present study previously reported that MLAA-34 may act as an anti-apoptosis factor in vitro via interacting with Ras, Wnt or calcium and chemokine signaling pathways, and lentivirus-mediated ectopic expression of MLAA-34 in U937 cells markedly suppressed the spontaneous apoptosis of U937 cells (5, 12) . Additional clinical studies uncovered that high MLAA-34 expression levels usually indicated unfavorable clinical features of patients with AML, and may be used as an early biomarker for detection of relapse (5, 9, 12) .
In the present study, it was revealed that MLAA-34 is upregulated in patients with AML when compared with healthy volunteers. A previous study reported that MLAA-34 was significantly induced in patients with acute monocytic leukemia (AML-M5), and MLAA-34 overexpression was associated with an unfavorable day 7 response to induction chemotherapy, and was also associated with a poor survival rate (5, 9) . In addition, increased MLAA-34 levels were independently associated with poorer relapse-free survival and overall survival in patients with AML-M5 (9) .
In attempt to uncover the mechanism of MLAA-34 overexpression, no gene translocation or copy number variance was identified. Finally, an SNP site was identified in the exon 2 of MLAA-34 when the gene was analyzed by DNA sequencing. Although this mutation site was located in the untranslated region, an association between the mutation and expression level of MLAA-34 was observed. In addition, MLAA-34 mutation was also associated with the molecular markers of AML, namely Flt3 and DNMT3A (20, 21) . However, the detailed underlying mechanism remains to be elucidated.
Regarding the prognostic potential of MLAA-34 C59T mutation in AML, it was revealed that MLAA-34 C59T mutation provided shorter survival durations for OS and PFS. In the present study, MLAA-34 C59T mutation was associated with extramedullary disease, periphery leukocyte numbers, remission and cytogenetic abnormalities. Studies have reported that these clinical lesions may result in shorter life for patients with AML (22, 23) . For risk stratification, the HR was relatively increased in E2 mutation patients compared with patients without E2 mutation. This was in line with the RR in patients with E2 mutations. Thus, the survival rate was relatively lower in patients with E2 mutation compared with patients lacking E2 mutation. Therefore, MLAA-34 C59T mutation may Table IV . Cox regression analysis of E2 mutation and extramedullary disease in patients with acute myeloid leukemia. indicate a risk recurrence and a prognostic factor for patients with AML. E2 mutated positive in a total of 12 patients with AML-M5, potentially for the following reasons: in contrast to the other subtypes of AML, only a few leukemia-associated antigens have been characterized in patients of AML-M5, a distinct subtype of acute myeloid leukemia with characteristic clinical features (3); clinically, the disease is associated with hyperleukocytosis (5), extramedullary involvement (6), and coagulation abnormalities (7); and identification of immunogenic leukemia-associated antigens as target structures is mandatory for specific immunotherapy of AML-M5. For other FAB subsets and E2 mutations of the MLAA-34 gene, MLAA-34 mutation in patients with AML was associated with extramedullary disease, periphery leukocyte numbers, remission and cytogenetic abnormalities (Table III) .
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In conclusion, the evidence that the wild-type MLAA-34 is an anti-apoptotic factor (12, 24) and that overexpression of MLAA-34 was observed in patients with AML with poor response to standard chemotherapy indicated that MLAA-34 is a candidate oncogene. Thus, the present study shed light on the diagnosis and treatment of AML, and MLAA-34 may be a novel marker for AML therapy. This may be further demonstrated in the future by additional studies with a larger sample size.
